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Abstract
The perceived and remembered position of stationary target objects is subject to a large number of distortions. Objects are lo-
calized toward the fovea, and when an additional object (distractor) is presented, a tendency to average target and distractor po-
sition was observed. These distortions in visual short-term memory have been referred to as foveal bias and memory averaging,
respectively. Because most studies on memory averaging did not monitor eye ﬁxation, foveal bias and memory averaging may have
been confounded. That is, observers may have ﬁxated the distractor. To disentangle these factors, target and distractor were
presented in the periphery, and ﬁxation was monitored. Memory averaging was not observed. Rather a bias away from the dis-
tractor occurred when the distractor was brieﬂy presented during the retention interval, or when it was visible throughout the trial.
In contrast, a foveal bias was observed regardless of whether an additional object was present.  2002 Elsevier Science Ltd. All
rights reserved.
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1. Introduction
The perceived position of stationary objects is known
to be subject to a large number of distortions. Two
factors that are assumed to aﬀect the perceived position
were investigated. First, the retinal location of the object
determines its perceived position. Generally, stationary
and moving objects that are presented in the retinal
periphery are mislocalized toward the fovea (foveal bias,
Kerzel, 2000; Mateeﬀ & Gourevich, 1983; M€usseler, Van
Der Heijden, Mahmud, Deubel, & Ertsey, 1999; O’Re-
gan, 1984; Sheth & Shimojo, 2001; van der Heijden, van
der Geest, de Leeuw, Krikke, & M€usseler, 1999). Typi-
cally, the perceived position of a peripheral target object
is probed with a certain temporal asynchrony relative to
target presentation. For instance, a probe stimulus is
presented after target oﬀset and observers have to judge
the target’s relative position, or observers have to point
to the perceived target position with a cursor (for a
comparison of these methods see van der Heijden et al.
(1999)). Thus, visual short-term memory is to some de-
gree involved in the foveal bias. That is, it may be the
case that short-term memory traces are biased toward
the fovea. In support of this idea, the foveal bias in-
creases with retention interval (Sheth & Shimojo, 2001)
pointing to memory as the root source of the error.
Second, it has been claimed that the remembered
location of objects is biased towards other elements in
the display (memory averaging). Memory averaging was
investigated with moving and with stationary objects.
For instance, when observers were asked to judge the
ﬁnal position of a stimulus that moved along a second,
stationary object, the remembered target position was
biased toward the second, stationary object that was
presented during the trial, but was not permanently
visible (Hubbard, 1995, 1998; Hubbard & Ruppel,
1999). Even when the distracting element was only
brieﬂy presented at the time of target disappearance, a
bias to localize the ﬁnal position of a moving object
toward the distracting element was observed (Kerzel, in
press-a). In the latter study, it was argued that attention
shifts away from the target object biased memory, if the
shift occurred close to the retention interval. Also, the
remembered position of a stationary target was biased
toward a second object presented in the center of the
Vision Research 42 (2002) 159–167
www.elsevier.com/locate/visres
* Tel.: +49-89-38602-262; fax: +49-89-38602-199.
E-mail address: kerzel@mpipf-muenchen.mpg.de (D. Kerzel).
URL: http://www.mpipf-muenchen.mpg.de/kerzel.
0042-6989/02/$ - see front matter  2002 Elsevier Science Ltd. All rights reserved.
PII: S0042 -6989 (01)00274 -7
screen. This bias increased with distance between the
two objects (Hubbard & Ruppel, 2000).
Additionally, it was observed that there is a tendency
to localize objects too far down (e.g. Hubbard, 1995;
Kerzel, in press-b). This downward bias in visual short-
term memory may indicate cognitive analogs of gravity.
Alternatively, it may be that the perceived center of the
stimulus is shifted downwards (Bingham & Muchisky,
1993a,b; Kerzel, in press-b), implying a perceptual locus
of the distortion.
From a methodological point of view, the interpre-
tation of studies on memory averaging suﬀers from a
potential confound: as eye movements were not moni-
tored, it may be possible that observers ﬁxated the ir-
relevant object. If that was the case, the foveal bias may
underlie memory averaging. In support of such a hy-
pothesis, both the foveal bias and memory averaging
were shown to increase with distance between target and
distractor or fovea (e.g. Hubbard & Ruppel, 2000; van
der Heijden et al., 1999).
In a better controlled study (Sheth & Shimojo, 2001),
it was found that judgements of peripheral, stationary
targets became less biased towards the fovea when a
permanently visible landmark was presented. The land-
mark was more eccentric than the target. However, it
remains unclear whether this reduction was due to av-
eraging of landmark and target position, or whether it
was due to improved accuracy. The reason for this am-
biguity is that memory averaging and foveal bias acted
in opposing directions. In another experiment, Sheth
and Shimojo found that when observers were free to
look around, a strong bias toward the distractor was
noted. However, this ﬁnding is hard to interpret, as it is
not clear where observers ﬁxated.
2. Experiment 1
To disentangle the independent contributions of
memory averaging and foveal bias, the point of ﬁxation
was separated from the position of the second, irrelevant
object. The second irrelevant object is referred to as
distractor. Further, the study was designed such that
memory averaging and foveal bias would act in or-
thogonal directions. Therefore, target and distractor
were presented peripherally, and the distractor was
vertically displaced from the target, which was hori-
zontally displaced from the point of ﬁxation (see Fig. 1).
No ﬁxation point was presented. As the position of the
ﬁxation point is typically ﬁxed, it may be used as a
landmark. To avoid interactions between eﬀects of the
distractor and usage of such a landmark, the ﬁxation
point was omitted. The target was presented for 260 ms
followed by a retention interval of 260 ms during which
the target was invisible. After the 260 ms retention in-
terval, a probe stimulus was presented, and observers
had to judge whether the probe was at the same, or at a
diﬀerent position relative to the target position. In pre-
vious studies on memory for the ﬁnal position of a
moving target, a retention interval of about 250 ms had
been shown to yield maximal memory distortions (Freyd
& Johnson, 1987; Kerzel, 2000), and retention intervals
of about 150–250 ms have been widely used in studies on
visual short-term memory (Finke & Freyd, 1985; Finke
& Shyi, 1988; Freyd & Finke, 1984, 1985; Freyd &
Jones, 1994; Freyd, Pantzer, & Cheng, 1988; Halpern &
Kelly, 1993; Verfaillie & D’Ydewalle, 1991).
In Experiment 1, the distractor was presented during
diﬀerent time intervals. In previous studies with moving
targets, the distractor was either presented while the
target was visible (e.g. Hubbard, 1995, 1998), or only
brieﬂy at the time of target disappearance (Kerzel, in
press-a). In a previous study with stationary targets, the
distractor was presented either throughout a trial (i.e.,
until a judgement was made) or during target presen-
tation (Hubbard & Ruppel, 2000). Memory averaging
was found to be smaller when the distractor was pre-
sented throughout. In the present experiment, the dis-
tractor was presented either throughout the trial, during
the retention interval, or only during the retention in-
terval (see Fig. 2).
2.1. Method
2.1.1. Participants
Forty-ﬁve students at the Ludwig-Maximilians Uni-
versity of Munich were paid for their participation. All
reported normal or corrected-to-normal vision and were
naive as to the purpose of the experiment. Nine ob-
servers participated in Experiment 1a, eight observers in
Fig. 1. Stimuli presented in Experiments 1 and 2. The center of the
screen is indicated by the point of ﬁxation (PF). No ﬁxation point was
presented, but observers were instructed to look at the center of the
screen. Horizontal (HJ) and vertical jitter (VJ) was added to the target
(T) position in most Experiments. The target appeared either 6 to the
left or right from the screen center. The distractor (D) appeared either
6 above or below the vertical screen center at 6 left or right from the
horizontal screen center.
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Experiments 1b and 1c, 12 observers in Experiment 1d,
and eight observers in Experiment 1e. Most observers
served only in a single experiment.
2.1.2. Apparatus and stimuli
The stimuli were created using a Matrox Millenium
II graphics card on a 21 in. (diagonal) screen with a
refresh rate of 96 Hz. The display had a resolution of
1280 ðHÞ  1024 ðVÞ pixels. The background was white
(76 cd/m2), the stimuli were black (0 cd/m2).
The horizontal position of the left eye was monitored
with a head-mounted, infrared, light-reﬂecting eyetrac-
ker (Skalar Medical B.V., IRIS Model 6500). The ana-
log signal was digitized at a rate of 250 Hz by a
DataTranslation A/D-D/A converter (DT 2821). Fixa-
tion had to be maintained within 2 of central ﬁxation.
The target was a ﬁlled black circle (diameter of 0.98)
and the distractor was a ﬁlled black square (diameter of
1.95). The probe stimulus was identical to the target. It
was presented in the center of the screen and was visible
throughout a trial. The target was presented at a hori-
zontal distance of 6 from central ﬁxation. Its lateral
position (left or right from ﬁxation) varied randomly,
and some jitter was added to its vertical and horizontal
position. The distractor was presented 6 above or be-
low the vertical center of the screen. It appeared on the
same side of ﬁxation as the target at a distance of 6
from horizontal center of the screen (see Fig. 1). The
target was presented for 260 ms. After an interval of 260
ms, a probe stimulus appeared at a position that diﬀered
vertically or horizontally from the target.
The two horizontal target positions (left, right), the
vertical jitter (1, 0), the horizontal jitter (1, 0), the
ﬁve probe positions (see below) and the two possible
distractor positions (above, below, when applicable)
were fully crossed and presented once in three consec-
utive blocks for a total of 360 trials. In Experiment 1b,
no horizontal jitter was presented as pilot studies had
shown this condition to be particularly diﬃcult.
2.1.3. Probe positions
In Experiment 1a, the probes deviated vertically by
1.6, 0.6, and 0 from the target position. In Experi-
ments 1b and 1c, the probes deviated vertically by 1.8,
0.9, and 0. In Experiments 1d and 1e, the probes
deviated horizontally by 1.0, 0.5, and 0 from the
target position. In Experiments 1a–1c, positive values
indicate an upward deviation, and negative values in-
dicate a downward deviation. In Experiments 1d and 1e,
positive values indicate a deviation towards the right,
and negative values indicate a deviation toward the left.
2.1.4. Distractor presentation
In Experiments 1a and 1d the distractor was visible
throughout a trial. In Experiment 1b, the distractor
appeared during the retention interval. In Experiment
1c, it appeared at the same time as the probe and in
Experiment 1e, no distractor was visible (see Fig. 2).
2.1.5. Procedure
Participants sat in a dimly lit room 50 cm from the
screen. Head movements were restricted by a chin and
cheek rest, and viewing was binocular. Observers’ task
was to indicate whether the target and the probe stim-
ulus were at the same position or not. To this end, ob-
servers pressed one of two mouse buttons. Each trial
was started by pressing the two mouse buttons simul-
taneously. No feedback was provided. When a ﬁxation
error occurred, the trial was aborted immediately. The
trial was repeated in the remainder of the experiment.
The diﬀerent conditions were randomly interleaved.
2.2. Results
Proportions of ‘same’ judgements are shown in Figs. 3
and 4. The weighted sum of same judgements was cal-
culated as a measure of the remembered target position.
With vertical probe placement, positive and negative
scores indicate mislocalization higher and lower than the
target position, respectively. With horizontal probe place-
ment, positive and negative scores indicate mislocaliza-
tion towards the right and left, respectively. This score
was calculated from the proportion of times that a par-
ticipant responded same for each probe displacement,
weighted by the actual value of the displacement (i.e.,
Fig. 2. Presentation times for target (T), probe stimulus (P) and dis-
tractor (D) in Experiments 1 and 2. Time runs from left to right.
Presentation of a stimulus (on-time) is indicated by a rise from baseline
(oﬀ-time).
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1.8 to þ1.8). For instance, if an observer had propor-
tions of same values of 0.1, 0.5, 1.0, 0.8, and 0.5 for ver-
tical probe displacements of 1.8, 0.9, 0.0,0.9, and1.8,
respectively, the weighted sum would be 0:1 1:8þ
0:5 0:9þ 1:0 0:0þ 0:80:9þ 0:50:9. The re-
sult (0.99) indicates downward displacement. Mean
absolute displacement (i.e., displacement independent of
distractor placement) was calculated by averaging the
remembered target position across the two distractor
placements. Mean bias to localize the target toward the
distractor was calculated by reversing the sign of the
remembered target position with distractors placed be-
low the target, and averaging across the two distractor
positions. Thus, a positive bias indicates localization
toward the distractor.
2.2.1. Experiment 1a
In 1.8% of the trials, a ﬁxation error occurred. When
the distractor appeared above, the remembered target
position was shifted downward (0.32), tð8Þ ¼ 2:24,
p ¼ 0:055. No signiﬁcant displacement was observed
with a distractor below the target (0.15), p ¼ 0:31.
Mean bias away from the distractor element, collapsed
across the two distractor placements, was signiﬁcant
(0.09), tð8Þ ¼ 2:63, p < 0:05. Mean absolute dis-
placement, collapsed across the two distractor place-
ments, was not signiﬁcant (0.24), p ¼ 0:12.
2.2.2. Experiment 1b
In 3.9% of the trials, a ﬁxation error occurred. When
the distractor appeared above, the remembered target
position was shifted downward (0.44), tð7Þ ¼ 2:53,
p < 0:05. No signiﬁcant displacement was observed with
a distractor below the target (0.0), p ¼ 1. Mean bias
away from the distractor element, collapsed across the
twodistractor placements,was signiﬁcant (0.22), tð8Þ ¼
2:48, p < 0:05. Mean absolute displacement, collapsed
across the two distractor placements, was not signiﬁcant
(0.22), p ¼ 0:15.
2.2.3. Experiment 1c
In 2.9% of the trials, a ﬁxation error occurred. No
displacement was noted when the distractor appeared
above (0.04) or below (0.21) the target. Collapsed
across distractor placement, neither mean bias toward
Fig. 3. Mean proportions of same judgements as a function of probe
position, distractor placement, and Experiment (1a–1c). Negative rel-
ative probe positions indicate that the probe (P) was above the target
(T) position, positive values indicate that it was below. The weighted
means for each condition are shown as a single circles. In Experiments
1a and 1b, the distribution of same judgements was shifted downwards
when a distractor was presented above, such that the weighted mean
was smaller than when a distractor was presented below. In Experi-
ment 1c, no such diﬀerence occurred.
Fig. 4. Mean proportions of same judgements as a function of probe
position, distractor placement, and Experiments (1d and 1e). In Ex-
periment 1d, the distractor was visible throughout a trial, whereas no
distractor was presented in Experiment 1e. Negative relative probe
positions indicate that the probe (P) was to the left of the target (T)
position, and positive values indicate that it was to the right of the
target position. When the target appeared on the left, the distribution
of same responses was shifted to the right. Conversely, the distribution
was shifted to the left when the target was on the right. The weighted
means (single circles) reﬂect this shift.
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the distractor (0.08), nor mean absolute displacement
(0.13) were signiﬁcantly diﬀerent from zero (all ps >
0:24).
2.2.4. Experiment 1d
In 5.5% of the trials, a ﬁxation error occurred. When
the target was presented on the left, the remembered
target position was shifted toward the right (0.2),
tð11Þ ¼ 3:01, p < 0:05. No signiﬁcant displacement was
observed for targets on the right (0.08), p ¼ 0:35. The
bias toward the point of ﬁxation, collapsed across left
and right target positions, was signiﬁcant (0.14), tð11Þ ¼
2:47, p < 0:05. Mean absolute displacement, collapsed
across the two distractor placements, was not signiﬁcant
(0.06), p ¼ 0:24.
2.2.5. Experiment 1e
In 5.9% of the trials, a ﬁxation error occurred. No
signiﬁcant displacement was observed for targets on the
left (0.24), p ¼ 0:16. When the target was presented on
the right, the remembered target position was shifted
towards the left (0.27), tð7Þ ¼ 4:14, p < 0:01. Mean
bias towards the point of ﬁxation, collapsed across left
and right target positions, was signiﬁcant (0.25),
tð7Þ ¼ 3:08, p < 0:05. Mean absolute displacement, col-
lapsed across the two target positions, was not signiﬁ-
cant (0.01), p ¼ 0:89.
2.3. Discussion
Experiments 1a–1c showed that there was no ten-
dency to localize a target object toward a second, irre-
levant distractor which was visible throughout, during
the retention interval, or during probe presentation.
Rather, the opposite was true. A small bias to localize
the target away from the distractor was observed when
the target was presented throughout (Experiment 1a), or
during the retention interval (Experiment 1b). In Ex-
periment 1c, the distractor was only present during
probe presentation, and no bias was observed.
Experiments 1d and 1e conﬁrmed that observers tend
to localize the target toward the fovea. This tendency
was present regardless of whether an additional (refer-
ence) object was visible (see also Sheth & Shimojo,
2001). In a previous study (Eggert, Ditterich, & Straube,
2001), a bias to localize targets more peripherally was
reported in a condition without a ﬁxation dot. This
ﬁnding appears inconsistent with the present results.
However, the present experiments were not run in the
dark, and this diﬀerences may explain the discrepancy:
In the dark, only egocentric localization is possible when
no additional reference objects are presented. In the
light, a combination of egocentric and exocentric lo-
calization may be possible because objects other than
the ﬁxation point may be used as references. Eggert et al.
suggested that a conﬂict between egocentric and exo-
centric localization is responsible for the bias, which is
consistent with the present stimulus arrangement.
In Experiments 1a–1c, a numerical trend to mislo-
calize the target downward was observed. This trend
reached signiﬁcance when the three experiments were
combined ½0:20, tð25Þ ¼ 2:31, p < 0:05
. Thus, a
small, and rather inconsistent downward bias may exist.
3. Experiment 2
In sum, Experiment 1 showed that there was a trend
to localize the object away from the additional object
that was presented. Thus, it may have been the case that
previous reports of memory averaging that did not
control for ﬁxation (Hubbard, 1995, 1998; Hubbard &
Ruppel, 1999, 2000) were due to observers’ ﬁxation of
the irrelevant object. Two objections may be raised
against this conclusion. First, all of these studies used
localization by mouse pointing and not a relative
judgement task as in Experiment 1. In previous studies,
observers were asked to position a cursor on the re-
membered position of the target. Second, the time in-
terval between stimulus presentation and judgement was
longer than in Experiment 1. That is, whereas the re-
tention interval was exactly 260 ms in Experiment 1, it
may have been longer with unconstrained mouse
pointing. To extend the ﬁndings from Experiment 1 to
longer retention intervals and a diﬀerent task, observers
were asked to localize the target with a mouse-adjust-
able cursor that appeared 260 ms after target oﬀset.
Three diﬀerent distractor presentation intervals were
realized. Either the distractor was presented throughout
a trial, with the target, or during the retention interval
(see Fig. 2).
3.1. Method
3.1.1. Participants
12 students at the Ludwig-Maximilians University of
Munich fulﬁlling the same criteria as in Experiment 1
participated.
3.1.2. Apparatus, stimuli, and procedure
The same apparatus, stimuli, and procedure was used
as in Experiment 1 with the following exceptions. 260 ms
after target oﬀset, a 0.98 cross-hair cursor appeared at a
random position within a square 6 region centered
around the target stimulus. Observers were instructed to
point toward the position of the target stimulus. The
distractor appeared either during target presentation,
during the retention interval, or throughout the trial (see
Fig. 2).
The three distractor presentation intervals (with tar-
get, during retention interval, throughout), two horizon-
tal target positions (left, right), the vertical jitter (1, 0),
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the horizontal jitter (1, 0), and the two possible dis-
tractor positions (above, below) were fully crossed and
presented once in three consecutive blocks for a total of
324 trials.
3.2. Results
In 7% of the trials, a ﬁxation error occurred. The
deviation of the judged from the actual position of the
target was determined. Vertical and horizontal devia-
tions were analyzed separately. Downward and upward
deviations received negative and positive signs, respec-
tively. Leftward and rightward deviations received neg-
ative and positive signs, respectively. Mean vertical and
horizontal deviations are shown in Fig. 5.
3.2.1. Vertical deviations
A 3 ðdistractor presentation intervalsÞ  2 ðdistractor
positionsÞ ANOVA was run on the vertical deviation.
There was a signiﬁcant eﬀect of distractor presentation
interval, F ð2; 22Þ ¼ 6:06, p < 0:01. The downward de-
viation was smaller when the distractor was always
present (0.22), than when the distractor was presented
with the target (0.31) or during the retention interval
(0.38). Also, there was a signiﬁcant interaction be-
tween distractor presentation interval and distractor
position, F ð2; 22Þ ¼ 8:25, p < 0:01. When the distractor
was always visible, mislocalization was further down
with a distractor presented above than with a distractor
presented below (0.46 vs. 0.01), tð11Þ ¼ 5:79, p <
0:01. The diﬀerence between distractors above and be-
low was not signiﬁcant with a distractor presented with
the target (0.31 vs. 0.33), tð11Þ ¼ 0:12, p > 0:9, and
during the retention interval (0.34 vs. 0.44), tð11Þ ¼
0:46, p > 0:6. The diﬀerence between distractors pre-
sented above and below corresponds (also in terms of
statistical signiﬁcance) to a signiﬁcant 0.24 bias away
from the distractor when the distractor was presented
throughout, and to nonsigniﬁcant biases toward the
distractor when the distractor was presented with the
target (0.007) and during the retention interval (0.05).
Overall, there was a signiﬁcant downward bias (0.31),
tð11Þ ¼ 2:31, p < 0:05.
3.2.2. Horizontal deviations
A 3 ðdistractor presentation intervalsÞ  2 ðtarget po-
sitionsÞ ANOVA was run on the horizontal deviation.
There was a signiﬁcant eﬀect of target position, F ð1;
11Þ ¼ 4:89, p < 0:05. Mean deviation was 0.37 to the
right with targets on the left, and 0.11 to the left with
targets on the right. Target position interacted with
distractor presentation interval, F ð2; 22Þ ¼ 5:44, p <
0:05. The diﬀerence between left and right target pre-
sentations was more pronounced when the distractor
was presented with the target (0.46 vs. 0.20), tð11Þ ¼
3:13, p < 0:01, than when the target was presented
during the retention interval (0.39 vs. 0.11), tð11Þ ¼
1:73, p ¼ 0:11, or throughout (0.28 vs. 0.04), tð11Þ ¼
1:75, p ¼ 0:11. The diﬀerences between left and right
target positions correspond to biases toward the fovea
of 0.33, 0.25, and 0.16 for distractors presented with the
target, during the retention interval and throughout,
respectively. Overall, there was a tendency to localize the
object too far to the right (0.13), tð11Þ ¼ 2:03, p ¼
0:067.
3.3. Discussion
When observers were asked to point toward the po-
sition of a peripheral target, no evidence for memory
averaging was found: when the distractor was presented
with the target or during the retention interval, no bias
was observed. In contrast, a robust bias away from the
distractor was observed when the additional element
was visible throughout. Thus, the bias away from the
Fig. 5. Mean horizontal (panel A) and vertical (panel B) deviations
from the actual position of the target as a function of distractor pre-
sentation interval. Error bars indicate the standard error of the mean
(between subjects). Downward and upward deviations received nega-
tive and positive signs, respectively. Leftward and rightward deviations
received negative and positive signs, respectively. When the distractor
was visible throughout, judgements were lower with a target presented
above than with a distractor presented below. This bias away from the
distractor was not present when the distractor was presented with the
target or during the retention interval. Horizontal judgements deviated
towards the right with left targets, and towards the left with right
targets. This bias toward the fovea was most pronounced when the
distractor was presented with the target, but was present for all dis-
tractor presentation intervals.
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distractor may be observed with relative judgements
(‘‘same-diﬀerent’’) and with mouse pointing. Further, a
bias toward the fovea was observed for all distractor
presentation intervals. However, this bias was larger and
more reliable when the distractor was presented with the
target than when the distractor was presented through-
out.
Comparison of these results with those of the relative
judgement procedure in Experiment 1 suggests that the
longer retention interval with mouse pointing changed
the pattern of results, in particular the eﬀect of distrac-
tor presentation interval. With pointing, the bias away
from the distractor was only observed when the dis-
tractor was visible throughout. Distractors presented
brieﬂy during the retention interval aﬀected target lo-
calization when the retention interval was short, as in
Experiment 1, but not when it was long, as in Experi-
ment 2. Possibly, the eﬀects of distractor presentation
interval in Experiments 1 and 2 were due to diﬀerent
reference frames used in localizing the target (exocentric
vs. egocentric localization). This issue is discussed in the
following section.
4. General discussion
In the present research, contributions of memory ave-
raging and foveal bias to target displacement in visual
short-term memory were investigated. It has been hy-
pothesized that the position of a target and the position
of an irrelevant distractor are averaged in visual short-
term memory. That is, a tendency to localize a target
object toward a second, irrelevant element was ob-
served. Additionally, a tendency to localize objects to-
ward the fovea has been reported. As previous studies
investigating memory averaging did not monitor eye
ﬁxation, it may have been that memory averaging was
attributable to observers’ ﬁxating the distractor. To
disentangle memory averaging and foveal bias, target
and distractor were presented peripherally and eye ﬁx-
ation was monitored. Further, no ﬁxation point was
provided in order to avoid interactions between a per-
manently visible landmark and distractor presentation.
In Experiments 1a–1c, no indication of memory aver-
aging was observed. In contrast, when the distractor was
presented throughout the trial (i.e., until a judgement
was given) or during the retention interval, a bias away
from the distractor was observed. In Experiment 2, the
relative judgement task from Experiment 1 was replaced
by a pointing task that prolonged the retention interval.
This method is more compatible with previous research
on memory averaging. A bias away from the distractor
was observed when the distractor was visible through-
out, but not when the distractor was presented with the
target or during the retention interval. The foveal bias
was conﬁrmed when the distractor was presented
throughout the trial and when no distractor was pre-
sented (Experiments 1d and 1e).
4.1. Previous studies
In sum, memory averaging may not be a mechanism
that operates independently of the foveal bias. The
present study shows that memory averaging does not
occur with relative judgements or pointing responses. In
contrast, a foveal bias was observed regardless of other
reference objects being presented. Because no ﬁxation
point was presented and ﬁxation was not monitored in
previous reports of memory averaging (Hubbard, 1995,
1998; Hubbard & Ruppel, 1999, 2000), this result sug-
gests that the foveal bias may have contributed to the
bias.
However, in at least one study, foveal bias and
memory averaging were not confounded. Kerzel (in
press-a) presented a linearly moving target that vanished
at a random position. Around the time of target disap-
pearance, a distractor was brieﬂy ﬂashed above or below
the target’s trajectory. When the distractor was pre-
sented at the time of target disappearance or brieﬂy
thereafter, a bias toward the distractor was noted. In
this study, observer’s pursuit eye movements were
monitored, and presentation time was too short to allow
for ﬁxation of the distractor. Thus, memory averaging
occurred even though observers did not ﬁxate the dis-
tractor. It was argued that the shift of attention from the
attended target position caused the displacement. In
contrast to the present study, observers were ﬁxating the
target. When ﬁxation is on the target, its position may
be retained in a deictic manner (Ballard, Hayhoe, Pook,
& Rao, 1997) by gaze direction. Possibly, shifts of at-
tention perturb this pointing device. In the case of pe-
ripheral target presentation, ﬁxation is decoupled from
the target and may not be used as a pointer. In this case,
target position may be coded exocentrically if the stim-
ulus allows for such a strategy. However, other diﬀer-
ences may play a role, most notably the fact that Kerzel
(in press-a) presented moving targets, whereas the pre-
sent study used stationary targets.
4.2. Egocentric vs. exocentric localization
Two ways of localizing an object in space are possi-
ble. The object may be localized with respect to the
observer (egocentric localization), or it may be localized
with respect to other objects (exocentric localization). In
Experiment 1, exocentric localization was possible.
Observers may have estimated the distance between the
target and the distractor, and compared this estimate to
the distance between probe stimulus and distractor.
Such a strategy was feasible when the target was pre-
sented throughout or during the retention interval, but
not when the distractor was presented with the probe
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stimulus. In the latter condition, no bias away from the
target was noted. In Experiment 2, exocentric localiza-
tion was possible only when the distractor was presented
throughout. After estimating the distance between target
and distractor, observers may have used this estimate to
adjust the distance between distractor and cursor. Thus,
one may conclude that the bias away from the distractor
is due to a tendency to overestimate the distance be-
tween target and distractor relative to the distance be-
tween probe and distractor. In other words, the
estimated target–distractor distance was magniﬁed in
memory. Further, the pattern of results in Experiment 2
points to diﬀerent sources of the bias toward the fovea
and the bias away from the distractor. In conditions
requiring egocentric localization (i.e. when the distractor
was absent or presented with the target), the bias toward
the fovea was large whereas the bias away from the
distractor was small. Conversely, in conditions that
made exocentric localization possible (i.e., when the
distractor was visible throughout), the bias toward the
fovea was small, whereas the bias away from the dis-
tractor was large. Thus, the foveal bias may be an error
in judging egocentric position, whereas the bias away
from the distractor may be an error in judging exocen-
tric position.
Further evidence for such an interpretation is pro-
vided by pilot experiments in which some of the pre-
sented experiments were rerun with a ﬁxation point.
With a ﬁxation point in the center of the screen, exo-
centric localization with respect to the ﬁxation point is
encouraged. This manipulation changed the pattern of
results dramatically: instead of a tendency to localize the
target away from the distractor, a tendency to localize
the target toward the distractor was observed. Although
the exact reasons for this reversal are not entirely clear,
they point to the importance of distance judgements for
the localization task.
In general, a tendency to overestimate the distance
between distractor and target is consistent with previous
reports of magniﬁcation of picture boundaries (Intraub,
1997; Intraub & Richardson, 1989), that is, the length of
the borders of a pictures are overestimated. However,
the ﬁnding that the distance between target and dis-
tractor was overestimated is in contrast with previous
reports of underestimation of distance (e.g., Fukusima
& Faubert, 2001; Loomis, da-Silva, Fujita, & Fukusima,
1992). It may be possible that the discrepancy is due to
the larger involvement of short-term memory in the
present task.
4.3. Position vs. velocity
In general, it has been found that visual short-term
is almost perfect for dimensions of early visual pro-
cessing, suchas spatial frequency,orientation,motion, and
contrast (for an overview, see Magnussen & Greenlee,
1999). However, distracting information presented dur-
ing the retention interval increases discrimination
thresholds in such tasks, suggesting that visual short-
term memory may experience interference from per-
ception. For instance, when velocity information has to
be stored in visual short-term memory, presentation of a
distractor with a similar, but unequal velocity during the
presentation interval, increases thresholds (Magnussen
& Greenlee, 1992). Similarly, it may be observed that
visual information is blended with distracting velocity
information presented in the visual (Kerzel, Bekkering,
Wohlschlager, & Prinz, 2000) and in the haptic (Kerzel,
2001) modalities. In particular, the content of visual
short-term memory is assimilated to the distracting in-
formation. For instance, the remembered velocity is in-
creased when a distractor is presented that is faster than
the target velocity (Kerzel et al., 2000). In the present
experiment, however, rather the opposite tendency was
noted: The position of target and distractor were not
assimilated, but contrasted. In other words, the remem-
bered target position was remembered to be further
away from the distractor than it actually was. Thus, the
derivative of position with respect to time, velocity,
shows assimilation with distracting information pre-
sented during retention, whereas position shows con-
trast.
In sum, the present results show that memory ave-
raging does not occur for targets presented in the
periphery. Rather, judgements are biased away from an
additional irrelevant distractor. It is suggested that the
bias occurs in conditions that allow for exocentric lo-
calization. The bias may result from a tendency to
overestimate the distance between distractor and target
in memory.
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